Urea is an abundant solute in the mammalian renal medulla and the accumulation of urea is important for the generation of concentrated urine. The concentration of urea in the inner medulla is produced by the recycling of urea, secretion into the ascending thin 
UT-A1 and UT-A2 are produced from the same gene. The promoter of UT-A1 is in the 5 flanking ' region while the promoter for UTA2 is in the intron 12. There is an active tonicity-responsive enhancer (TonE) in the promoter of UT-A1, and the UT-A1
promoter is stimulated by hypertonicity via TonEBP 2) .
The downregulation of UT-A2 raises the possibility that tonicity-responsive enhancer binding protein .
Expression of urea transporters in developing and adult rat kidney
In the developing rat kidney, UT-A first appears in the inner medullary colleting duct (IMCD) and in the developing long-loop descending thin limb (DTL) at the base of the renal papilla right after birth. As the UT-A-positive long-loop DTL descends into the renal papilla, UT-A immunoreactivity decreases and is barely detectable in animals after 3 weeks of age. In contrast, the expression of UT-A in short-loop DTL does not occur until 2 weeks after birth, the time they reach the ISOM, but the level of expression is very strong and remains increased in the adult kidney. UT-A immunoreactivity in the IMCD gradually increased after birth and reached adult levels when the animals were 3 weeks of age. UT-B immunoreactivity appears in descending vasa recta (DVR) shortly before birth and gradually increases during the first 2-3 weeks after birth. It is noteworthy that the UT-B-positive DVR do not form vascular bundles until the animals are 2 weeks old. In the developing kidney revealed that UT-B is expressed in the DVR already before birth and gradually increases during the first 2 wk after birth, indicating that countercurrent exchange between ascending vasa recta and DVR can occur already in the neonatal kidney.
Interestingly, the formation of vascular bundles coincided with the appearance of UT-A2-positive short-loop DTL in the inner stripe of outer medulla and .
Regulation of urea transporters by the TonEBP in the kidney
In the developing kidney, TonEBP expression is largely limited to the medulla. In addition, the timing of that provide urea permeability in the IMCD. In the kidneys of transgenic mice expressing an inhibitory form of TonEBP, expression of UT-A1 and UT-A2 is reduced 8) , indicating that UT-A2 in the DTL is also a target of TonEBP in addition to UT-A1. Mice deficient in either UT-A1/3 or UT-A2 display reduced urea accumulation in the renal medulla 9, 10) . Thus TonEBP appears to be a key regulator in the urea recycling that leads to the massive accumulation of urea in the papilla.
